Montelukast (MTKT), 1-\[(1R)-1-\[3-\[(1E)-2-(7-chloro-2-quinolinyl)ethenyl\]phenyl\]-3-\[2-(1-hydroxy-1-methylethyl)phenyl\]propyl\]thio\] methyl\]cyclopropaneacetic acid ([fig. 1a](#F1){ref-type="fig"}) is a white crystalline powder, soluble in water, alcohol, dimethyl formamide, and dimethyl sulfoxide. MTKT is a selective leukotriene D~4~ receptor antagonist that is used as an antiasthmatic. It is official in Indian Pharmacopoeia, which recommends a high performance liquid chromatographic (HPLC) method for its analysis. Fexofenadine hydrochloride (FEX), α, α-dimethyl-4-\[1-hydroxy-4-\[4-(hydroxydiphenylmethyl)-1-piperidinyl\] butyl\]-benzeneacetic acid ([fig. 1b](#F1){ref-type="fig"}), is a white crystalline powder, slightly soluble in water and soluble in alcohol. FEX is histamine H~1~ receptor antagonist. It is official in Indian Pharmacopoeia, which recommends a HPLC method for its analysis\[[@ref1]\].

![Structures of the analytes.\
Chemical Structure of (a) montelukast (MTKT) and (b) fexofenadine hydrochloride (FEX).](IJPhS-75-284-g001){#F1}

MTKT and FEX combination tablet is a recently introduced tablet formulation in Indian market. Literature survey reveals that many analytical methods are reported for determination of MTKT and FEX individually. However, no method is reported for simultaneous estimation of these two drugs by reverse phase HPLC in combined dosage form.

Stability testing forms an important part of drug product development. The purpose of stability testing is to provide evidence on how the quality of a drug substance or drug product varies with time under the influence of a variety of environmental factors such as temperature, humidity, and light; enabling recommendation of storage conditions, retests periods, and shelf lives to be established. The two main aspects of drug product that play an important role in shelf-life determination are assay of active drug, and degradants generated, during the stability study. The assay of drug product in stability test sample needs to be determined using stability-indicating method, as recommended by the International Conference on Harmonization (ICH) guidelines\[[@ref2]\] and United States Pharmacopoeia (USP 26)\[[@ref3]\]. Although stability-indicating methods have been reported for assay of various drugs in drug products, most of them describe assay procedures for drug products containing only one active drug substance. Only few stability-indicating methods are reported for assay of combination drug products containing two or more active drug substances. The objective of this work was to develop an analytical LC procedure, which would serve as stability-indicating assay method for combination drug product of MTKT and FEX.

Both the drugs MTKT and FEX are official in IP 2010. Detailed survey of literature for MTKT revealed several reported methods based on different techniques, viz. HPLC\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\], HPTLC\[[@ref12][@ref13]\], UV spectrophotometry\[[@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\], voltammetric\[[@ref23]\], and LC-ESI-MS/MS\[[@ref24]\] for its determination from pharmaceuticals. Similarly, survey of literature for FEX revealed reported methods based on HPLC\[[@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35]\], UV spectrophotometry\[[@ref36][@ref37][@ref38][@ref39]\], UPLC\[[@ref40]\], and LC-MS\[[@ref41]\] for its determination from pharmaceuticals. There is only one stability-indicating method has been reported for determination of MTKT and FEX\[[@ref42]\]. This manuscript describes the development and subsequent validation of a stability-indicating isocratic reversed-phase HPLC method for simultaneous determination of MTKT and FEX in the presence of their degradants. To establish the stability-indicating nature of the method, forced degradation of drug substances and drug product was performed under different stress conditions (thermal, photolytic, UV exposure, acid and basic hydrolytic and oxidative), and stressed samples were analyzed by the proposed method. The proposed LC method was able to separate both drugs from degradants generated during forced degradation studies.

MATERIALS AND METHODS {#sec1-1}
=====================

MTKT and FEX working standard were procured as gift sample from Torrent Research Centre, Gandhinagar and Sakar Healthcare Pvt. Ltd., Ahmedabad, respectively. Combination product of MTKT and FEX (Label claim: 10 mg and 120 mg, respectively), Montair-Fx^®^ tablet (Cipla) was purchased from the local pharmacy. Methanol and water used were of HPLC grade and purchased from Merck Specialities Pvt. Ltd., Mumbai. *o*-phosphoric acid (OPA), sodium hydroxide, hydrochloric acid, and hydrogen peroxide used were of Analytical grade and purchased from Merck Specialities Pvt. Ltd., Mumbai.

The liquid chromatographic system (YL-clarity 9100, Korea) consisted of the following components: YL9101 vacuum degasser, YL9110 quaternary pump, YL9160 PDA detector, a manual injection facility with 20 μl fixed loop. The chromatographic analysis was performed using Lichrospher^®^ 100, RP-18e column (250×4.6 mm, 5 μm particle sizes) as a stationary phase.

Preparation of mobile phase and stock solutions: {#sec2-1}
------------------------------------------------

A total of 0.1% OPA was prepared by diluting HPLC grade water. A total of 900 ml of methanol and 100 ml of 0.1% OPA were mixed and pH was adjusted to 6.8. This mixture was sonicated and filtered through 0.45 μm membrane filter and used as a mobile phase. Stock solution of MTKT was prepared by transferring 100 mg of MTKT into 100 ml volumetric flask. And stock solution of FEX was prepared by transferring 60 mg of FEX into 100 ml volumetric flask. Volumes were made upto the mark with mobile phase in both volumetric flasks to obtain a solutions containing 1000 μg/ml of MTKT and 600 μg/ml of FEX. The solution of MTKT was further diluted with the same solvent to obtain the final concentrations of 50 μg/ml of MTKT. The RP-HPLC was performed in with isocratic mode using a mobile phase of methanol: 0.1% OPA (90:10 v/v), pH 6.8 on Lichrospher^®^ 100, RP-18e column (250×4.6 mm, 5 μm particle size) with 1 ml/min flow rate at 226 nm using UV detector.

Calibration curves for MTKT and FEX: {#sec2-2}
------------------------------------

Tablet formulation contained MTKT and FEX in a ratio of 1:12. Appropriate aliquots of MTKT and FEX stock solutions were taken in different 10 ml volumetric flasks and diluted up to the mark with mobile phase to obtain final concentrations of 2-10 μg/ml and 24-120 μg/ml of MTKT and FEX, respectively.

Forced degradation studies: {#sec2-3}
---------------------------

Forced degradation of each drug substances and the drug product was carried out under hydrolytic, oxidative, photolytic, and thermolytic conditions. Thermal and photo degradation of drug substances and drug product was carried out in solid state. After degradation these solutions were diluted with mobile phase to achieve a concentration of 5 μg/ml of MTKT and 60 μg/ml of FEX (on label claim basis for marketed formulation). Then 20 μl portions of degraded solutions were injected into the HPLC system and analyzed under the chromatographic analysis condition described earlier.

Acid hydrolysis of drug substance and drug product in solution state was performed in 0.1N hydrochloric acid for 2 h. Base hydrolysis of drug substance and drug product in solution state was performed in 1.0 N sodium hydroxide solution for 2 h. For oxidation, sample solutions of drug substance and drug product in 3% hydrogen peroxide were kept at room temperature for 4 h. For thermal, samples of drug substances and drug product were placed in a hot air oven at 80° for 24 h. For photolytic, samples of drug substances and drug product, both in solid state, were placed in UV light for 24 h.

Method validation: {#sec2-4}
------------------

The method of analysis was validated as per the recommendations of ICH and USP for the parameters like accuracy, linearity, precision, detection limit, quantitation limit, and robustness. The accuracy of the method was determined by calculating percentage recovery of MTKT and FEX. For both the drugs, recovery studies were carried out by applying the method to drug sample to which the known amount of MTKT and FEX corresponding to 80, 100, and 120% of label claim had been added (standard addition method). At each level of the amount three determinations were performed and the results obtained were compared.

Intra- and inter-day precision study of MTKT and FEX was carried out by estimating the corresponding responses three times on the same day and on three different days for the concentration of 5 μg/ml and 60 μg/ml for MTKT and FEX, respectively. The limit of detection (LOD) and limit of quantitation (LOQ) were calculated using following formula: LOD=3.3(SD)/S and LOQ=10(SD)/S, where SD is standard deviation of response (peak area) and S is average of the slope of the calibration curve.

System suitability tests are an integral part of any chromatographic analysis method which is used to verify reproducibility of the chromatographic system. To ascertain its effectiveness, certain system suitability test parameters were checked by repetitively injecting the drug solution at the concentration level of 5 and 60 μg/ml for MTKT and FEX, respectively to check the reproducibility of the system.

For robustness evaluation of HPLC method a few parameters like flow rate and pH of mobile phase were deliberately changed. Each factor selected was changed at three levels (−1, 0, +1) with respect to optimized parameters. Robustness of the method was done at the concentration level of 5 and 60 μg/ml for MTKT and FEX, respectively.

Analysis of marketed formulation: {#sec2-5}
---------------------------------

Twenty tablets were accurately weighed and finely powdered. The quantity of the powder equivalent to 10 mg MTKT or 120 mg FEX was accurately weighed and transferred into 100 ml volumetric flask. The volume made up to the mark with mobile phase. The solution was filtered through Whatman filter paper. The both solutions of MTKT and FEX were further diluted with the mobile phase to obtain final concentrations of 6l and 72 μg/ml for MTKT and FEX, respectively.

RESULTS AND DISCUSSION {#sec1-2}
======================

The degradation study indicated that MTKT was susceptible to acid, base, oxidation, photo and thermal degradation. FEX was found to be susceptible to acid, base, oxidation and photo while it was stable to thermal degradation conditions. Typical chromatograms of stressed samples are shown in figs. [2](#F2){ref-type="fig"}-[6](#F6){ref-type="fig"}. In all degradations the drug degrades as observed by the decreased area in the peak of the drug when compared with peak area of the same concentration of the nondegraded drug, without giving any additional degradation peaks. Both the drugs showed no degradation at 0 h, in all the degradation conditions. Summary of the degradation studies of MTKT and FEX was shown in [Table 1](#T1){ref-type="table"}. In that percent degradation was calculated by comparing the areas of the degraded peaks in each degradation condition with the corresponding areas of the peaks of both the drugs under nondegradation condition. It also showed retention time of degraded products which were observed in different degradation conditions for both drugs.

![Chromatograms of acid degradation study.\
Chromatograms of acid degradation of (a) MTKT, (b) FEX, and (c) Tablet.](IJPhS-75-284-g002){#F2}

![Chromatograms of base degradation study.\
Chromatograms of base degradation of (a) MTKT, (b) FEX, and (c) Tablet.](IJPhS-75-284-g003){#F3}

![Chromatograms of oxidation study.\
Chromatograms of peroxide degradation of (a) MTKT, (b) FEX, and (c) Tablet.](IJPhS-75-284-g004){#F4}

![Chromatograms of photo degradation study.\
Chromatograms of photo degradation of (a) MTKT, (b) FEX, and (c) Tablet.](IJPhS-75-284-g005){#F5}

![Chromatograms of thermal degradation study.\
Chromatograms of thermal degradation of (a) MTKT, (b) FEX, and (c) Tablet.](IJPhS-75-284-g006){#F6}

###### 

SUMMARY OF DEGRADATION OF MTKT AND FEX IN DIFFERENT CONDITION

![](IJPhS-75-284-g007)

The mobile phase consisting of methanol: 0.1% OPA (90:10 v/v), pH 6.8, at 1 ml/min flow rate was optimized which gave two sharp, well resolved peaks with minimum tailing factor for MTKT and FEX ([fig. 7](#F7){ref-type="fig"}). UV overlain spectra of both MTKT and FEX showed isoabsorptive point at 226 nm, so this wavelength was selected as the detection wavelength. The retention times for MTKT and FEX were 10.17 and 12.22 min, respectively. Resolution was found to be 2.195. The calibration curve for MTKT and FEX was found to be linear over the range of 2-10 and 24-120 μg/ml, respectively ([Table 2](#T2){ref-type="table"}). The proposed method was successfully applied to the determination of MTKT and FEX in their combined tablet dosage form. The developed method was also found to be specific, since there was no interference found of the degradation product, mobile phase and as well as excipients. The LOD for MTKT and FEX were found to be 0.036 and 0.283 μg/ml, respectively, while LOQ were 0.109 and 0.859 μg/ml, respectively ([Table 2](#T2){ref-type="table"}).

![Chromatogram of tablet dosage form under optimized chromatographic conditions.](IJPhS-75-284-g008){#F7}

###### 

SUMMARY OF VALIDATION PARAMETERS

![](IJPhS-75-284-g009)

In this reported study, a stability-indicating HPLC method was developed for the simultaneous determination of MTKT and FEX and validated as per ICH guidelines. The developed method was accurate, precise, and repeatable. It was also found to be simple, specific, and sensitive for analysis of MTKT and FEX in combination without any interference from the degraded products, diluents, and excipient. Assay results for the combined dosage form using the proposed method showed 99.68±1.1229% of MTKT and 99.66±0.2544% of FEX. It can be concluded that as the method could separate the drugs from their degradation products, it may be employed for analysis of stability samples of MTKT and FEX.
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